DEVICE FOR^DETECT I NG TILT ANGLE OF OPTICAL AXIS 
AND IMAGE MEASURUNG APPARATUS EQUIPPED THEREWITH 

CROSS REFERENCES TO RELATED APPLICATIONS 

— j — 

The present document iis based on Japanese Priority Document 
JP 2000-180683, filed in tfc/e Japanese Patent Office on June 16, 
2000, the entire contents /of thereof are herein incorporated by 



reference. 

C BACKtffiOUND OF THE INVENTION 
he Invgrlit^pr 

The present^nvenT^on\relates to a device for detecting 
tilt angle of optical axi's, whibh, for example, detects tilt angle 

\ I / \ 

of optical axis of a camera with respect to a vertical line of 

VJ/ \ 

an image display surf acejby shooting with a camera the image display 

surface such as a liquid crystal display device or a plasma display 

f / \ 

device. It also relates to an/image measurement apparatus for 

V / \ 

conducting measurement, inspection or the like of the above image 
display surface by usingHrhe-dev-ice for detecting tilt angle of 
the optical axis . 




2. Description of the Related 

_ I 

Among various measMrementrSncHL-nspeGtion for devices which 

C ( \ 

display images, for exampre^of a liquid crystal display element. 




a plasma display element or the Jlike^^ther e \are measurement and 
inspection to be evaluated by shooting with ^a camera a desired 
image displayed on a surf ace of the device, wt^ich are conducted 

I \ 

by an image measurement apparatus . One important factor to 

X J \ 

consider when conducting measureme nt ^and inspection with such 



the image measurement apparatus is that the camera on the image 



SiQ 

m 
o 



measurement apparatus should correctly face the image display 



surface, that is, an optical axis of the camera should be vertical 



A 



to the image display surface, which is the surface of the measured 



object, because, if there is tilt, the image forming 
characteristics is remarkably deteriorated. 

Accordingly, the adjusting mechanism has been devised to 



direct the camera to be vertical to the measured object, and one 



example is disclosed in Japanese Unexamined Patent Application 



anes< 



Publication No. 10-176906. Tp\describe the content briefly, an 
observing light source for observing the measured object and a 

^ — ^ / \ 

measuring light source fo^rfeasiirement of tilt of the measured 
object are provided to be cp^rkuga^pd against the above mentioned 



v 



measured object, and an obsfenvingV light and a measuring light 

( I I 

projected from the above observing l'ight source and the measuring 

\ \/ V 

light source and then ref^^^^d from the above mentioned measured 
object are imaged at a predetermined position by an image forming 
unit, and according to tt^e observing^light and the measuring light 



. , an observed ima 



imaged at that position, an^obseofve^d image and tilt are measured 
by a measurement unit . 

There is also anotheir^felated^art that a distance -measuring 

sensor is installed on an optical axis of the camera and tilt 

r 1 ^ \ 

of the camera is determined by measurement of the distance to 

the measured object 

Incidentally, in the artT.nt]fbduce^by the above Publication 
No. 10-176906, there have b v een following the problems of (1) to 
(4), described below: 



(1) As the light source, the ob 




ing light source (such as a 



Halogen lamp, a fluorescent lamp, etc. ) and the measuring light 
source (such as a laser* diode, etc.) are required, and moreover, 
a diachronic mirror is \ practically required to pass the light 
from the two light sources through the same optical path, so that 
the number of the portions required increases and the apparatus 
becomes complicated, leading to a higher price for the image 
measurement apparatus ; 

(2) Position adjustment be^een two optical systems comprising 
observation optics and measuring optics, namely, alignment of 
optical axis is required, whifch originates troublesome work and 
increases cost; 

(3) An image formed^by^ob serving light and a measuring spot by 
measuring light ar^f ormedy6ta the same plane, and the two lights 



\ 



influence each other, affecting measurement accuracy. It is. 



inte 



In such case, however ,\specj 



though, not irnpossible^to guarantee accuracy by image processing. 

tci^l Image processing is required, 
leading to use of a partic«rirax-sof t\^re program, which also causes 
the image measurement apparatus to be more expensive; and 

\ 

(4) A collimator is detected by 




^m< 



ount of displacement from 



a reference point, for example, displacement from a cross -lined 

r — — " \ 

measuring mark. Measurement is executable on the premise that 
there exists beforehand data^Xsref erence point ) related to such 



inclination or tilt 



If there is 



no such data, there occurs a 



A 



fundamental problem that n^easureiqent of 4 the tilt of the camera 
cannot be performed. 

Another related art to det'erma!he Vtilt of the camera by 
measurement of the distance to^1^^easil:ed object using the 
distance -measuring sensor installed on opt iLal axis of the camera 



\ 

has the following problems from (5) to (7), described below: 

(5) The distance between the measured object and the camera is 
available, but the direction of the optical axis is not available; 

(6) Without data on distance (reference point) when there is no 
tilt beforehand , a tilting <^<pndit ion of the camera is not available ; 
and 

(7) On the occasion in which a mirror reflection light and an 
irregular reflection light are simultaneously generated because 
mirror reflection object (LCD^panel, etc.) such as transparent 

\\ 

film, glass or the like is provided on the surface of the measured 

can not be performed, thereby 



object, accurate measurement 
originating great fluctuation 
the detected object 




on ^output , caused by the tilt of 



SUMflARY~Q> TtfEy INVENTION 

( TM _ 

The present invention fhas/ been made to solve the 



above-described problems, and J!tfs an object thereof to provide 



V 



a device for detecting tilt( angle of lpptical axis capable of 



\ 



detecting tilt of optical axis of*a camera' with respect to a vertical 



\ 



line of an image display surface c ^ly^ th rough image information 
processing without installing a par^^ular optical system for 
detecting tilt angle or a sensor, as-wel^l^as\to provide an image 
measurement apparatus using the de vice for d etecting tilt angle 
of the optical axis . 

The device for detecting tilt angle of /opfobcal axis according 



to a first preferred embodiment of the /present invention detects 

c \ 

a localized focus degree in plural regions within thje image display 
surface, and detects and determines tilt^aiigle^xSf \optical axis 



\ 

by a deviation of focus degree such that the larger the deviation, 
the larger the tilt angl^. 

Therefore, according to such first preferred embodiment 
of the present invention, Vhe device for detecting tilt angle 
of optical axis detects the focus degree in plural regions within 
the image display surface only by image processing, thereby capable 
of detecting tilt angle without the need of a particular optical 
system or sensor for detecting, the tilt angle. 

In other words, if the camera and the image display surface 
face each other correctly, the^|L c^ight to be almost no difference 
in the localized focus deg ree Ln plural regions within the image 
display surface . If MAey do n/6b^ace\correctly each other , namely , 
if the optical axis of the camera\isy tilted with respect to the 
vertical line of the image display surface, there ought to exist 
difference in the focus V degree' in] plural regions. The larger 




the tilt angle, the largerHhe^fference in the focus degree. 
For instance, there may occtfr^'tBfe^case that a certain region has 
a so-called front focusing\but anoth?er\ certain region has a 




so-called rear focusing. Accordingly, the tilt angle can be 
determined correctly by the^^dev-aba-fcL-on 7 \ difference) of the 

V \ * 

localized focus degree, and the present invention of this aspect 



utilizes this principle effectively. ^ 

A device or apparatus for detecting tj l't angle of optical 

C \ \ 

axis according to another prefes?r^d embodiment of the present 
invention is characterized by calculati**g-J£a^ja value of a localized 
focus degree in a region within an / ^±mage display surface, a 
brightness value of an image along one direct ion\st art ing from 
one end to another end of the above mentioned region / Vrhis practice 



to find the brightness values is conducted in order to cover the 



t\i nn 



entire region in a direction perpendicular to the pertinent one 
direction. The brightnes^s values exceeding a designated value 
with regard to differences^ between the pertinent one direction 
and an adjacent portion thereto are added up all over the aforesaid 
regions to then determining^ihe focus value in the aforesaid one 
direction by dividing the above added value by the area of the 
pertinent designated regi 




axis according to such p 



Therefore, the device for detecting a tilt angle of optical 



efe^rred embodiment of the present 
invention can humericaliv/ determine a level of adjustment of a 



localized focus 



A 



a regiony namely, a focus degree, through 



quantization, computation or t|ie\like of brightness of the image 
obtained from the ima^^dis^lay surface through the camera. The 



deviation of the focus deg 



^ „ i J \ , 

us degree/ namely. 



namely, the amount of tilt angle 



of the optical axis of^JCheScamera 



can be expressed numerically 



as a numerical focus value obtained by computation or the like, 
and precise processing^of modifying tilt angle or the like can 
be easily executed. The^reaTSTJn^f or\not employing the value of 



difference in brightness that is lower than a designated value 




as a target for accumulation's that the purpose her is to detect 
a crest of peak of brightness 

A device for detectinq tilt angl e' of optical axis according 




to still another preferred embodiment of the present invention 
is characterized by making the :: S^^ing o£\ designated regions for 
finding focus by placing thenuin order \±n a plurality in one 
direction (for example, X direction: pan direction or Y direction: 
tilt direction) and detect theVbove tilt afhgle in the aforesaid 



v 



one direction . 



\ 



Therefore, according to such preferred embodiment of the 



\ 



present invention, the region for detecting the focus is 

distributed by\the device for detecting the tilt angle of the 

optical axis along one direction, so that the tilt angle in the 

\ \ 

pertinent direction may be detected. 

\\ 

The device for detecting tilt angle of optical axis according 
ed embodiment of the present invention is 
sing a plurality of regions to detect focus 
on (for example, X direction: pan direction) 
perpendicular (for example, Y direction: 




\ 



e aforesaid one direction, 



_j:cording to such preferred embodiment of the 
present invention, the/ device for detecting tilt angle of optical 

"<ijK \ 

axis disposes a plurality qf^regions to detect localized focus 



value along one direction ( for example , X direction : pan direction ) 



and along a direction perpendicular (for example, Y direction: 



A 



tilt direction) to thfe^fopesaid one direction, so that the elements 
in the two direct ions-where-ttfe aforesaid tilt angles intersect 
each other may be detected. 

The device for detecting jtilt angle of optical axis according 

\ 

to a still further preferred embodiment of the present invention 




is characterized by maki^ 
the image is obtained by the" 
surface within the central part' oi 
surface. 

Therefore, according to^such preferred embodiment of the 



present invention, the device for d 




of a designated region where 
camera on the image display 



eXpertinent image display 



tilt angle of optical 



• 



axis can detect by processing the image by bright light passing 

through the central portion of an image forming lens system of 
the camera, so that detection accuracy can be increased. 

An image measurement apparatus according to a preferred 
embodiment of the present invention comprises a camera, a control 
mechanism for controlling tilt angle of optical axis of the 
pertinent camera with\respect to the aforesaid image display 
surface, and a device for detecting tilt angle of optical axis 
according to a furtheiApref erred embodiment of the present 
invention, and-i-s-charaoterized in that by deviation of the focus 
value detected^by th^r^r^ii^nent device for detecting tilt angle 
of optical axis, the above >cpntrol mechanism is made to control 
tilt angle of the ^bove^pmera so that the deviation of the above 
focus degree becomes small/. 

W 7 . 

Therefore, the^image measurement apparatus according to 
such preferred embodi^nt^ oA ^he present invention performs 
negative feedback of^ an output! of ^the device for detecting tilt 
angle of optical axis\to the contnol mechanism for controlling 
tilt angle of optical axi"s— df the camera so that deviation of 

c — ~ } \ 

focus value in a plurality of regions of the above device for 
detecting tilt angle of opti^Sl^axis becomes small , thereby capable 
of automatically controlling"!!!??^ of the optical axis 

\ \ 

of the camera to become zero or approximately zero. 

Basically, the device^for de!j[tectin^g tilt angle of optical 
axis according to the preferred embodiment of the present invention 
captures the image of the image ^^spl^^surf ace and evaluates 
tilt of optical axis of the ce£mera^w3b*h respect to the vertical 
line of the image display surface by the deviation of the focus 



degree in the plural regions within the image display surface, 
but it is preferable \that the plural regions can be established 
within a comparatively narrow region of the central part of the 

\ 

image display surfaces Because detection of the tilt can be 
conducted by process ing\|:he image by bright light passing through 
the central part of the image forming lens system of the camera, 
detecting accuracy may t^e enhanced. Even when setting up a 
plurality of designated regions , it is preferable that all those 
designated regions may be setXwithin a comparatively narrow region 
within the central portion of the image display surface. 

It is preferable that the : focus degree is expressed by the 
focus value in one direction \obtained numerically. This is 
because deviation between th^V plural focus degrees can be 
numerically obtained by computation, and easy computation may 
be conducted, and the tilt'may^b^ grasped objectively by a numeric 
value. The focus value in on^^ir^ction is a value calculated 
in such a manner that measurement of Vthe brightness value of the 



image along the above one direction ranging from one end to the 
other end of a certain region^ is conducted all over the region 
in a direction perpendicular to tla^jpexrinent one direction, and 
accumulation of values that exceed a designated value with regard 
to the differences in brightnes^in the portion adjacent to the 
pertxnent one direction is conducteaMn the whole part of the 
above region, and then calculation^of the focus valueis conducted 
by dividing the above summed veutu^ by the area of the pertinent 
designated region. 



The tilt angle 9 of the optipai^e&^s of tWfc camera includes 

T 



an element 6x referring to one direction, for exjample, a lateral 



direction (X direction: pah direction) and an element 6y referring 
to a vertical direction! (Y direction: tilt direction. Unless 
any of both elements can be\detected, adjustment of the tilt cannot 
be achieved. If the plural areas to detect the focus degrees 
are disposed in one direction, an element of the tilt angle in 
that one direction may be detected. Accordingly, in order to 
detect the tilt of the optical axis of the camera in both directions 
of the lateral[ direction (X direction: pan direction) and the 

direction: tilt direction) , the plural 



vertical direct] 



\ 



Imay be conducted at the same 



regions are disposed along the^ two directions intersecting each 
other at right angle's , and detection of the tilt of the optical 
axis of the camera thosL directions by the deviation between 
the focus degrees ( foteus /values ) 

time or different time wj^regard tb two directions intersecting 
each other at right angles. Practically, as the orientation of 
the image display surface with r^sp^it to the visibility of the 
camera is important, it is HesJ^able to conduct detection of the 
orientation (circumscribing &erbec4d.GHi ) , for example, before 
measurement of the tilt oY.theoptical axis . As a matter of course , . 
it is needless to say that the orientation should be adjusted 



correctly in case of disadjudtmen 



In the case of measu rement of the focus, it is subject to 
influence of moir6 when pr o^idirig^ jij^tfocu^. Therefore , it might 
be better to use a light diffus4|ng platey having microscopic 
unevenness . 

The image measurement ^applfS^fc^is usi^g the device for 
detecting tilt angle of optical axis according to the present 



invention may be constituted suc^ that output] of the device for 

10 



or 

\ 



detecting tilt angle of optical axis may be negatively feed backed 
to the optical axis control mechanism of the camera. The typical 
example of a measuring object tor the image measurement apparatus 
according to the present invention is a liquid crystal display 
panel (LCD panel) . It does not\matter whether the liquid crystal 
display panel is of backlight type or of reflected light type. 
In addition , the overall flat displays such as other plasma displays , 
electro luminescence (EL) , flajt itype cathode-ray tube displays 
can be used as measurement objects for the image measurement 
apparatus of the present invention. 

A device for detecting til± angle of optical axis according 
to a preferred embodiment— of—the present invention is capable 

^ r~\ \ 

of detecting a tilt angle of an optical *axis of a camera by detecting 
a focus degree in plural region^of arAimage display surface only 
through image processing , an^d^es not jrequire a particular optical 
system or a sensor to detect the ti^-t^angle. Specifically, as 
there is no need of two optical^sys terns for observation and 
adjustment of optical axis ^ngt^only the number of the portions 
to be used is small, but a\Lso the number of assembling work is 
reduced because adjustment of^the two optical systems are not 
required. Consequently, it is possorBS^ to achieve reduction in 
manufacturing cost of the dev^Se for (^tectTinb tilt angle of optical 
axis. As it is not the caseMihat image processing is made to 
form a small spot image by measurernen^o^ light and an image by 
observing the light on the same si^face, th^. image observation 
may be performed without having (influence f^bm the small spot, 
thereby enabling detection of the ti J>t s without decrease in accuracy . 




In addition, data (a reference point) related to a case in which 

\ 



11 



there is beforehand Vio tilt of the optical axis of the camera 
is not required, the direction for adjustment may be recognized 
by first tilting and panning the camera in to constant amoount 



and then, by detecting increase or decrease of the deviation on 
focus value. 

The device for detecting tilt angle of optical axis according 



\ 



to the preferred embodiment 



\ 



numerically find adjustability 



of the present invention can 
of localized focus in the region. 



namely, focus degree by processing quantization, computation of 



brightness of image obtained from the image display surface through 



the camera. The^^cleviation 



ocus degree, namely, the tilt angle 



\ 



of optical axis of the^camera \may be expressed numerically as 

\ \ 

a numerical focus! valuex f ound\ by computation, and precise 



processing of modifying tilt angle\ or the like may easily be 
executed. 

According to the/&evice for detecting tilt angle of optical 
axis according to another preferred embodiment of the present 



invention, the region to find f ocusv^lue is disposed along one 
direction, so that tilt angl^^if^th^p^rtinent direction can be 




detected. 

According to the device f or^detecting -kilt angle of optical 



axis according to another preferred embodiment of the present 
invention, a plurality of regio/fs for ^tectinig localized focus 
values are disposed along one direfcrfeUm (/for example , X direction : 
pan direction), and along a direction perpendicular to the 
aforesaid one direction ( for example ^Ycfirect ion : til 
so that elements of the aforesaid (tilt angle in two 



direction) , 
directions 



intersecting each other at right airgles may be defected, 



12 



The device for detecting tilt angle of optical axis according 
to still another preferred embodiment of the present invention 
can process an image thr^jgh bright light passing the central 
portion of an image forming^ lens system of the camera and detect 



v 



\ 



tilt, so that detecting accuracy is enhanced* 

An image measurement apparatus, according to a preferred 
embodiment the present invention performs negative feedback of 
an output of the device for detecting tilt angle of optical axis 

itrolling tilt angle of optical axis 



of focus value in plural regions 



to a control mechanism 
of the camera so. that 
which is an output^©- 
of optical axis can become 




device for detecting tilt angle 



^hereby capable of automatically 
control the tilt angle p£ "the qgJ£ical axis of the camera to become 
zero or approximately zero 




BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing and otfi^^fejects # 1 features and advantages 
of the present invention (^ill be apparent to those skilled in 
the art from the following description/of the preferred exemplary 
preferred embodiments of the presen t \, invention taken in 
conjunction with the accompanying drawings, in which: 



n^pan 



FIG* 1 is a schematic diagram showing an image measurement 

V 



apparatus according to a preferred embodiment of the present 



invention; 



FIG. 2 is a perspective vrew^showing a LCD panel on an xy 

^ J \ V 

plane and a camera having its optical axils tTrlted by a tilt angle 



9 with respect to the LCD panel according to a 
of the present invention; 




erred embodiment 



FIG. 3 is a graph \showing brightness values plotted from 
x=xO to x=xl on the lines \of y=yO of the focus measurement region 
Wl . An abscissa axis shows\a position in X direction and an ordinate 
axis shows value of bif ightne's s , according to a preferred embodiment 
of the present invention; 

FIG* 4 is a diagram illustrating a case of measurement of 
value of focus in the x dir^tion: pan direction according to 
a preferred embodiment of /the present invention; 

FIG . Sis a^graph^plot ting value of focus Fxn in x the direction , 



according 



to a\] 



preferred embodiment of the present invention; 



FIG. 6 is a diagram illustrating a case of measurement of 
value of focus in the y dir ect iLi^: tilt direction, according to 
a preferred embodiment of^the^ present invention ; 

FIG. 7 is a ^graph plotting^alue of focus Fyn in the y 
direction, according ^^^aT^ref erred embodiment of the present 
invention; 




FIG. 8A to 8D are curved graphs \respectively showing each 
example of distribution charts of/f ocus\value Fxn in one direction 



(for example, x directi^i^_aaaox.ding £0 a preferred embodiment 
of the present invention; 

FIG. 9 is a block diagram^ showing\ a configuration of an 



image processing device embedded in an image measurement 

_ i ^ \ 

apparatus, according to^a preferred embodiment of the present 

invention; and 

FIG. 10 is a flowchart of a l>rfec 



for adjusting tilt of 

an optical axis of a camera to /the ^r^ical adLrection, according 



to a preferred embodiment of \the present invention. 



DESCRIPTION \OF THE PREFERRED EMBODIMENTS 
Hereinafter, preferred embodiments of the present invention 
are described in detail\ with reference to the drawings . 

FIG. 1 is^cf^schematic diagram showing one embodiment of 



lemax 



an image measurement apparatus according to the present invention . 
1 is a camera using, for example, a CCD (Charge Coupled Device) 
solid image pickup element as its image pickup means , which shoots 
from upper position an LCD panel 6, a measured object, positioned 



below the camera 2 is a c 



\ 



rnera positioning mechanism, which is 



amerc 

r \ 



fixed to a rack 15 while holding the camera 1 to be positioned. 

The above c^ei^^regisr^ation mechanism 2 comprises a tilt 
control mechanism 3 for controlling tilt of an optical axis of 
the camera 1 in a vertdTcal dirrect^o^i ( Y direction : tilt direction ) , 
a pan control mechanism 4 for controlling a tilt of an optical 

' \ \ / \ 

axis of the camera 1 in likewise a lateral direction (X direction: 



pan direction) , and an^XY^^^ 5 for controlling 

a position of the camera 1 likewise in the X direction, the Y 
direction and the Z direction (pptical axis direction), with 
respect to the LCD panel 6 oF^the above measured object. The 
tilt control mechanism ^andT^the pan\ control mechanism 4 have 
commonly the same center of^rotation and are configured such that 



the center position is not dgvia&^d. \The above tilt control 
mechanism 3, the pan contro^jne^ila^i^m^ 4, and the XYZ control 
mechanism 5 are connected tC^m^ board 13 within 

a personal computer 10 by a motoi^^vtro N lled cable 19, and thus 
controlled. 

The LCD panel 6 of the measured object infixed to a connecting 



jig 7, receives the supply of a driving volt/age and a signal from 



\ 

an LCD driving unit 9 thropgh an LCD driving signal cable 20, 
and displays a pattern f or ^measurement on the panel. The LCD 

driving unit 9 is connected tbWn RS-232C interface board 11 within 

\ 

the above personal computer 1Q by, em RS-232C interface cable 17, 
and thus controlled. 

With regard to the abov<£ connecting jig 7, the portion 
corresponding t o the^CD^ p^nel/6 is left off, so that a back light 
8 underneath the^panel may/a^ able to irradiate the LCD panel 
6. Moreover, the above rack 15, though not shown, is overall 
covered with a lightproof board ,jtr^ereby protecting from receiving 
an influence of outer light 

An image data ofvthe L'CD panel 6 shot by the camera 1 is 



inputted to an image pro* 



lg board 12 within the personal 



computer 10 through a camereT^able 18\ and a variety of image 



processing is conducted according to the contents of inspection 



A 



and measurement. A through image of /the camera 1, an image to 

/ \ 

ing are displayed on an image 



computer 10 through a monitor cable 



be processed, and a result of 
monitor 14 from the persorfal 
16. 

FIG. 2 is a perspective vieW^howing the LCD panel on the 
xy plane and the camera having i ts op tical axis tilted by 9 with 

\~ — "\ 

respect to the vertical li6e of the surface of the LCD panel. 




9x is a tilt component of the tei.lt 8 to the x-axis direction or 



abscissa, and 9y is a tilt component 



tilti 9 to the y-axis 

\ \ 

direction or ordinate. R0 sho^s^cFS&nter of rotation for the 
tilt control mechanism 3 and the pan control mechanism 4 . 

\ 

When an all white signal is^inputted to t^ie\LCD panel 6, 
a whole portion of the effective dismay screerf ofvthe panel 6 



16 



Q 
W 



is turned into a state oflwhite radiance. In such state, the 
camera 1 is zoomed so that Vthe radiated screen may come within 
the angle of view of the camera 1 and the focus is adjusted. Also 
in this state the camera captures the image and conducts a 
circumscribing detection (detection of relationship between 



vi 

rims 

l 



positions of respective side rims of the panel 6 and the camera 



1 ) of the whole radiated screei^, and evaluates an image region 
Within the image region W0,\ especially within the central 



WO, 



part thereof, a consiTi^rably^^'rro^/ region, that is, a focus value 
measurement region Wl is established. The reason why the focus 
value measurement rfe<jion \iY is established like this in a narrow 



region of the central par t of the \\iage region WO is that light 

r 7~\\ 

passing through the central part of jthe image forming lens system 



\ „ \ j \ 

t and canabl/e of 



of the camera 1 is bright andcapahjre of enhancing the measurement 
accuracy . 




Supposing the coordinates of the^ upper left corner of the 
above focus value measurement region/Wl is (xO, yO), and that 
of the lower right corner therebf 4Mxl Ayl ) # there is described 




FIG. 3 shows a value of brightness ^alue on a line y=yO 
of the focus measurement region Wl by pkotting from x=xO to x=xl . 



A lateral axis shows positioi^s^in the x direction and a vertical 
axis shows the values for brightness 

Differences in brightness bet^efen^a^ a'dYjacent address to 
a frame memory which has capturedT an^image slL>t by the camera 




1 are obtained from x-xO to x=xl\, and 
brightness which exceed a predet 

17 




th& differences in 
rrated value are 



computed. The reason for computing only the differences in 
brightness exceeding the designated value are is that the purpose 
here is to detect a peak of the brightness. Such practice is 
conducted within a range from y=yO to y=yl . The value evaluated 
by summation of differences \Jn brightness obtained like this 
divided by an area of the j^ocus measurement region Wl of 
(xl-xO)*(yl-yO) is a focus value \±n the region Wl. The focus value 
shows an adjustability of^focus\in the region (focusing region) 
where focus of the^camera MasXbeen achieved. It might be said 
that the larger this value, th^\ better focus adjustment. 

The principle o^the^de,vicje\ f or detecting tilt angle of 
optical axis embedded in the image measurement apparatus according 

V \ / 

to a preferred embodiment of the present invention is that there 
is a plurality of the focus measurement regions established, the 
tilts are detected by deviation of each focus value, the optical 
axis of the camera is adjusted to the direction in which the 
deviations are decreased, ancMrh^-tilt 0 is adjusted so that the 
deviation becomes the smalleg;fe^ — Beeatise the larger the angle 
of the optical axis of the\^camera with respect to the vertical 
line of the display surface, t Re^-large r^ t^e difference in focus 
degree between the plural focus measurement regions, and the 
smaller the angle the small^f^Ke^alf f erel^e in focus degree, 
the tilt angle can be recognised cor Jectly by those deviations . 

\\ 

Therefore, there is concretely des£r*Lbed hereunder a method of 
how to practically setting the plural focus Measurement regions 
and obtaining the tilt 6, more specifically, tlhe tilt components 



6x, 9y. 



FIG. 4 is a screen diagram illustrating the case of 



measurement of focus lvalue in the x direction: pan direction. 



With regard to the region Wl (referring to FIG. 2), supposing 
the coordinate of the upper left corner is (xO, yO) , that of the 

\ 

lower right corner is (\xl, yl) and that of the center is (xc. 



x 

yc), within this region >W1 , n pieces of focus value measurement 
regions Sxn are established. Specifically, the region Wl is 
divided into (n+1) pieces\of portrait rectangles having a same 
width, and points^of/inter section of each of the dividing lines 



infes- 



(dividing line^bje^weeiKrectangles ) and a line of y=yc are supposed 



iiKrecta 



to be the centers of each N of tt:he focus value measurement regions 



\ \ 



Sxn. Supposing the sizes of vertical direction and lateral 



3 



direction of each / region are bo^th 2*band, and the interval (region 
placement pitchl ) between /the\ centers of adjacent focus value 



itch\^ 



measurement regions is\ a ptep, Ythe coordinate (xnO, ynO) of the 
upper left corner and €Kfe coordinate (xnl, ynl) of the lower right 




corner of each of ^ t * ie f ocus value measurement regions Sxn are 
given by the following expressions. 




step = ( x 1 - x 0^>(-n+ir)^ 
xnO = xO + st^p*(n + l)-banc 
xnl = xl + step*(n^+" \l)+band\ 
ynO = yc - band 
ynl = yc + banc 




On the line y = yc-bandin the^f ocusWalue measurement region 



Sxn of the frame memory wttich has capt 



camera, the differences in 
in the x direction are eval 




ired the image from the 



ness of ^the adjacent addresses 
gi from x=xnO to x=xnl. 



\ 



On the occasion that tt)e values of the differences in brightness 



exceeded the predetermined designated value, those differences 
in brightness are summed. Similar practice is conducted with regard 
to each line ranging f rom\ y=yc-band to y=yc+band, and the added 
values of the above differences in brightness of each line are 
summed up. The value whicti Isj found by dividing the sum of the 
added value obtained like this by the area of the focus value 
measurement region Sxn, namely, 4 band by 2, is given as the focus 
value Fxn in the x^direct"±on of that focus value measurement region 




Sxn. FIG. 5 is a\graph shpwingvone example of a case of plotting 



the focus value Fxn in that x direction, and the balance of the 
focus values in the x direeti-on^pan direction: lateral direction) 
can be obtained. 



FIG. 6 is a screen diagram illustrating the case of 
measurement of focus vallafeHLh the \\direction: tilt direction. 
With regard to the region Wl (referring to FIG. 2), supposing 
the coordinate of the upper left coiler is (xO, yO) , that of the 



id that of the center is (xc, 

\ 



lower right corner is (xl><yl) , 

yc), which is the same pcise as finding the focus value in the 
x direction, within thrs^ region Wl, n\ pieces of focus value 

Specifically, the 



measurement regions Syn a re establ ished. 

region Wl is divided into (n+1) pieces of landscape rectangles 



having the same width, and^points 
the dividing lines (dividing<Lines 



line of x = xc are supposed to be^the cer*ter s\of each of the focus 



V 



of intersections of each of 
betweemrectangles ) and the 



value measurement regions Syn. Suppose the sizes in the vertical 
direction and lateral direction \>f each region are both 2*band, 



and the interval (region placementxpitch) between the centers 
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A 

twei 

\ 



of the adjacent foius value measurement regions is a step, the 
coordinate (xnO, ynO^) of the upper left corner and the coordinate 
(xnl, ynl) of the lower right corner of each of the focus value 
measurement regions Syn are given by the following expressions. 



= (yi-yO)/(h+D 
= xc - band 



step 

xnO 

xnl 

ynO 

ynl 



On the vertical lineHof x = xc-band in the focus value 

/ \ 

measurement region Syn /of the frame memory which has captured 

l A 

the image from the camera, /the differences in brightness of the 




n\+l) -band 

\ 

n+.l ) +band 



adjacent addressesNLn 



y=ynO to y=ynl . On, 




\ 



y direction are evaluated ranging from 



A 



occasion that the values of the differences 



\ 



in brightness are more than tl^e predetermined designated value, 
those differences in^bright4iess\ are summed* Similar practice 
is conducted with regard. to each vertical line ranging from 
x=xc-band to x=xc4-bana^ndJA%added value of the above differences 




in brightness of each line are suiraned up. The value which is 
found by dividing the .gum^of the added value obtained like this 



by the area of the foqus value measurement region Syn, namely 



\ 



4 band by 2 , is given as tlie^f^cus v^alue Fyn in the y direction 
of that focus value measu] 



suremejit 

graph showing one exampl'e of the case 




Fyn in that y direction, ajid the bal 
the y direction (tilt direct 
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Df \plotting the focus value 



nee of the focus values in 
vertical direction) may be 



acquired^ 

By the practice mentioned above, focus values Fxn and Fyn 
can be obtained respectively in the plural focus value measurement 
regions SxnVand Syn.*^ However, even if focus values Fxn and Fyn 
are obtained\ such effort is meaningless unless the direction 
of optical ax\s of the camera is controlled such that, based on 
those focus vaiues, the tilt angle 9 becomes zero with respect 
to the vertical line of the surface of the LCD panel 6 which is 
the inspected object of optical axis of the camera 1. Therefore, 
hereunder, there is\described a method of how to conduct an optical 
axis control . 

FIGs /8A^tb^8E^ x ^e graphs respectively showing each example 
of distribut^Qn^pHar^^of focus value Fxn in one direction (for 
example , the x direction ) . The image measurement apparatus of 
the present in^ention^fcontrols a tilt of optical axis of the camera 
1 so that a peak^of the curve showing distributions may become 
small, because, as described above, the larger the tilt is, the 
larger becomes the deviation of focus value in the plural focus 
value measurement regionsy for example , focus value Fxn in Sxn . 
In other words, the~vaj!uS^af peak P of the graph showing 
distributions of focus^values si^pwn in FIG. 5 or the like becomes 
large . More specifically, by^eonrrolling the direction of optical 

jP el iminate the peak, the angle 0 
line of the LCD panel 6 can be made 
erA. According to the example 
of FIG. 8A, the peak has become adversely large. This is nothing 
else but the direction of^ojjtical axis^adjustment being reverse. 
More specifically, before adjusTment, \the peak is in the state 
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axis of the camera irso 
with respect to the vertical 
to be small, and finally t 




as shown in FIG 8B ( Ihe peak is in the state of Pb ) , but by adjustment , 
the peak has becomes the state of Pa of FIG. 8A. This means that 
adjustment has been\made to the direction that the tilt angle 
becomes large. 

Conversely, FIGA8C shows an example in which the direction 
of adjustment is correct. In this case, the peak P of the above 
curve changes from the state of Pb shown in FIG. 8B to the state 
of Pc shown in FIG. 8C , and the peak is reduced. This is because 
the deviation of focus value Fxn in the plural focus value 
measurement regions, for example, Sxn is reduced, and it is nothing 
else but tilt angle 8, for example, 0x been reduced. By proceeding 
with such adjustments, when theVdeviation reaches a minimum value 
as shown in FIG. 8D, qamely^the^peak P of the curve has reached 
the minimum value Pd , the adjustment is completed . In other words , 
the tilt angle 6, for example, 03r\^s become zero or approximately 
zero . 

By referring to FIG.^2^MLherfe is described a method of 
conducting this optical axis adjustment specifically. Supposing 
the optical axis of the caj^e,ra 1 before adjusting the optical 
axis intersects with Bll on th^-^fquid^rystal panel, firstly, 
that optical axis is panned (moved to the x direction) from Bll 
to the direction of B01 or B21 t^fch^ek an adjusting direction 
in the x direction, and then ,^tne ^±mage-^is captured. If the 
deviation of focus value becomes sm^llerlwhen moved to the direction 
of B01, adjusting the direction t o^^x^dir^c t ion should be to 
the B01 direction. If the devia; increased, the moving 

direction is reversed to the adjusting direct JJor^, and therefore, 
the moving direction should be reversed. Whetn the deviation has 
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reached a minimum, the tilt angle 6x of the optical axis with 
respect to the x direction has become zero or approximately zero* 
If such adjustment is conducted not only in the x direction 
but also in the y direction, the x direction component 0x and 
the y direction component 9y of the tilt angle 9 may be obtained. 
Therefore, there is a specifically description also with regard 
to the y direction by referring to FIG. 2. To check the adjusting 
direction in the y direction, the optical axis is firstly tilted 
from the direction of Bll to BIO or B12 to detect the focus value. 
If the deviation of that ^ocus value becomes smaller, it is the 
direction that the' adjuatmer^t should be made. With proceeding 

v y \\ 

to move to that direct-iefi , whenMihe deviation has reached a minimum, 
it can be considered tha.t-^6y 'has become zero or approximately 
zero. On the occasion/ that (th<s fbcus value has become adversely 



L A / 



\ 



larger , that tilt direction^Js^reversed to the adjusting direction , 
and therefore, moving direction should be reversed and moving 
in that reversed direction should be continued until the focus 

v y \ 

value is decreased to a minimum Aralue. 

Moreover, component ,6x i"n^thg/x\ direction and component 
8y in the y direction of the til-t angle 6 caiibe adjusted in sequence , 
or simultaneously (in parallel )., v because, adjusting time may be 
curtailed. For curtailing the adjusting time as much as possible, 

c~ — i — ' \ 

the pan control and tilt control are conducted simultaneously, 
and the position of the optical^axisj^^ LCD panel 6 is moved 
to the direction from Bll to BOO or^B22"by linear interpolation, 
thereby capable of recognizing t'he direction \f or adjustment. 
Herein, movement by linear interpolati^h-signif ies that a velocity 
of moving in a slanting direction with respect to x-axis and y-axis 
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is established, th^e velocity of each axis is found by computation, 
and at that velocity, movement is conducted at the same time to 
the x direction and^the y direction. 

As a result, the direction of adjustment is determined, 
the pan and tilt are conducted to that direction , and the adjustment 
can be performed so that the focus value of above-below and 
left -right portiond in the region in which the focus is achieved 
(focusing region) may rea^h a minimum. Then, the optical axis 
linearly moves from Bll to a point in which 0x and 8y each having 
a deviation of focus value \reaching a minimum becoming zero or 
approximately zero , thereby capable of adjusting at the shortest 
time . 

FIG. 9 is a block diagram showing a configuration of an 
image processing device 30/"emt^edded in an image measurement 
apparatus. The image processing^ device 30 includes an image 
processing board 31, a ^ost jtfPU j(npst central processing unit) 
32, and a program memory 3*3. \ An arialog output from the camera 



B^AAn aria] 



1 is converted to a digital-^Lgnal by an A/D (Analog/Digital) 
converter 41 in the image processing Voard 31, and stored in an 
image memory 43 . The image stor^doLn the linage memory 43 is inputted 
to an image processor 42, and E^oredTnS^the image memory 43 after 
image processing and measurement^ The^image memory 43 has a 
plurality of frame memories , and ordinarily the original image 
and the processed image are stor gd iri lidi^f^^nt frame memories . 

An image processing signaJ>st^r^d^n \the image memory 43 
is computed in an image CPU (image central processing unit) 44, 
and outputted to an image monitor through a D/a\( Digital/ Analog) 
converter 45 to display an image . The af oresaid ijost CPU 32 conveys 
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image data to the image CPU 44 and to a motor controller 36 and 
at the same time performs a series of jobs including adjustment 
of optical axis required for inspection and measurement such as 
receiving processing data or the like. The program memory 33 
is the unit that stores programs to be executed by the host CPU 
32. 

FIG. 10 is a flowchart! of a program for adjusting a tilt 
of an optical axis of a canlJra to be vertical; such program is 
one among the programs to t^eyexecuted by the aforesaid CPU 32. 
The flowchart is described in the following order: starting, image 



capturing, first \detect: 



\ 



€^ circumscription of the panel, 
adjustment of such circumscription, then setting a region for 
measurement of focus value . f alio 1 )ed by measurement of focus value , 



detection of adjusting directionxof a tilt of the camera, and 

( \ 

adjustment of the tilt of the/camera. Then, capturing of the 
image again, measuremen^o £>Loc us v^lue and capture of the image 



again . Thereafter , determinate 
of focus value is minimum. 




\ 



f whether or not deviation 



\ 



result of determination is 



\ 



negative, returning to adjustment of the tilt of the camera, but 




\ 



if the result of determination is affirmative, the flowchart comes 
to an end. 

Finally, the configurations and structures of respective 
units and portions described s^c$i^:ally\with respect -to the 
preferred embodiments of the presfent invention are only examples 



of realization of the present invention , so the embodiments thereof 
should not be construed as to limiting the technical scope of 
the present invention. X. j\ 
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